Abstract. The application of Internet technologies to online transactions has lead to the amazing growth of Internetbased electronic markets (e-markets). This paper describes an Internet-based directory service for e-markets that aims to facilitate online buyers by making the process of finding an e-market easier and less time-consuming. This service, termed e-Market Metadata (eMaM) directory service, is based on a metadata repository of e-markets' descriptions.
Introduction
The application of Internet technologies to online transactions has lead to the amazing growth of Internet-based B2B and B2C electronic markets (e-markets). With the advent of these e-markets, numerous opportunities for online business participants (sellers, buyers etc.) have opened up. E-markets are characterized by a frictionless and very low-cost flow of information between buyers and sellers, greatly facilitating market transactions. Moreover, they allow sellers to reach a wider consumer base, and buyers to have access to a large number of sellers. Emarkets are expected to create economic value for buyers, sellers, market intermediaries, and for society as a whole [1, 4, 6 ].
E-markets are operating in different business sectors, and offering a variety of services that facilitate product and information exchange as well as support the all-in process of transactions from initial contracts and negotiation to settlement. This leads to a large amount of complex information that can become overwhelming for a typical Internet user. More specifically, from the online buyers' perspective, tasks such as searching, locating, comparing and selecting appropriate e-markets can be difficult and time-consuming. Such obstacles can often be overcome by the development of appropriate Internet-based information services that will help buyers to easily locate e-markets according to their specific needs and preferences.
The objective of this paper is to describe an Internet-based directory service for e-markets that aims to facilitate online buyers by making the process of finding an e-market easier and less time-consuming. This service, termed the e-Market Metadata (eMaM) directory service, is based on a metadata repository of e-markets' descriptions. The metadata repository is built upon the 'Dublin Core for E-Markets' (DC-EM), a generic metadata model for describing, categorizing and evaluating e-markets [7, 8] . This paper presents the development process of eMaM, according to the UML-based Rational Unified Process (RUP) life cycle approach. It also presents how the implementation of the eMaM service is used for the describing and categorizing a set of existing e-markets from various business sectors.
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The rest of the paper is structured as follows. Section 2 introduces metadata models and describes the DC-EM metadata model. Section 3 presents the UML-based specification and implementation of the eMaM service. In particular, according to RUP, eMaM business modeling, requirements, analysis and design, and implementation process workflows are studied and the corresponding UML diagrams are produced. Section 4, demonstrates the pilot usage of eMaM service for the collection of e-market examples. 120 existing e-markets from various business sectors are described in eMaM, and their general characteristics are reviewed. Finally, section 5 provides the conclusions of this study and directions for future work.
Metadata for online markets
Metadata is generally defined as data about an information source, or simply "data about data". It is used to describe information resources in order to facilitate their categorization, storage, search and retrieval [9] . A metadata model is a structured description about the characteristics and properties of a type of information resources, and allows the creation of catalogues and indexes. It is a tree-like data structure that consists of metadata elements (or subelements) storing their characteristics and properties. It also facilitates searching and comparing different information resources.
In order to develop a directory service of e-markets, we designed a metadata model for storing characteristics and properties of e-markets. The DC-EM metadata model consists of 18 elements and 43 sub-elements [7, 8] and is based on the generic Dublin Core metadata standard [5] . In the following, each DC-EM element is described:
− Identifier: This element contains an unambiguous reference to the e-market under study, independent from its metadata description. It serves as a unique reference of this e-market 3 Manouselis N., Costopoulou C., "Designing an Internet-based Directory Service for e-Markets", to appear in Information Services & Use, IOS Press, 2005. that can be used to identify it in a set of e-markets. Even if multiple metadata records are developed for the e-market, the identifier element value does not change.
− Title: This element refers to the name of the e-market. Typically, it is the title by which it is formally known. It is expected to store the title of the e-market in its original language, as well as its translations in other languages. Moreover, it can also store previous titles of the emarket, although in major changes it is recommended to develop a new metadata record.
− Description: This element contains a short description of the e-market content. It is stored as a free-text description, which can be provided in one or more languages.
− Source: This element includes a reference to online or physical locations where the e-market can be accessed or acquired from. For online markets, it is expected that this element will store one or more URL addresses.
− Publisher: This element contains information about the entity (person or organization) that makes the e-market public (e.g. sponsors its publication). It is not expected to store information about the entity that has created the e-market, nor about the entity (-ies) contributing to it. − Language: This element contains the language(s) in which the e-market is operating. It is not related with the language in which the metadata description is made. For instance, a Greek emarket can be operating using the Greek language, but its metadata description can be in English. The value of this element is "Greek".
− Coverage: This element includes the spatial locations that the e-market transactions cover. It is meant to reflect the physical coverage of the e-market in terms of products/services' delivery. Typically, it will be the regions where the market participants are expected to be located.
− Rights: This element stores information about the rights in and over the e-market. It is meant to reflect access rights and terms of use, as well as the corresponding costs for accessing and using the e-market. − Meta-metadata: This element contains information about the metadata record that describes the e-market. It identifies the metadata record in a classification system (i.e. a database with e-market descriptions). It contains information about who provided the e-market description and when, which metadata schema was followed to produce the metadata description, and in 5 Manouselis N., Costopoulou C., "Designing an Internet-based Directory Service for e-Markets", to appear in Information Services & Use, IOS Press, 2005. which language the metadata are in (which can be different than the language of the e-market itself).
− Relation: This element describes the relation of the e-market to other e-markets. Different types of relationships can be identified, according to whether the e-market is part of another e-market, has some other e-market as its part, has been replaced by another e-market, has replaced another e-market, or is affiliated with another e-market.
− emEvaluation: This element contains information about evaluations of the e-market itself, the participants (such as a reputation mechanism) or the e-market products.
eMaM Directory Service
The scope of building an Internet-based directory service of e-markets is to provide an online environment that allows users to search, locate and select appropriate e-markets. The proposed eMaM service allows searching of e-markets characteristics, as they are stored in the elements of the DC-EM model. It is built upon a database of metadata descriptions, namely a metadata repository.
UML-based Development Process
Software development involves a number of steps to be carried out, so that a software system is properly modelled, analysed, designed, specified and implemented. For eMaM, we use UML and follow the Rational Unified Process (RUP) [2] . UML is the de-facto software industry standard modelling language for visualizing, specifying, constructing and documenting the elements of systems in general, and software systems in particular [3] . It provides a rich set of graphical artifacts to help in the elicitation and top-down refinement of software systems from requirements capture to the deployment of software components [10] . In UML, a system is 6 Manouselis N., Costopoulou C., "Designing an Internet-based Directory Service for e-Markets", to appear in Information Services & Use, IOS Press, 2005. described using different levels of abstraction and considering various views (i.e. Business view, Use Case view, Design and Process view, Implementation view). Each view is realized using different UML modelling tools (diagrams), such as use case diagrams, activity diagrams, sequence diarams, collaboration diagrams, statechart diagrams, class diagrams, component diagrams, and deployment diagrams [10] .
UML is largely process-independent, meaning that it can be used with a number of software development processes. RUP is an iterative software development process that is especially well suited to UML. The RUP development starts with four process workflows that adopt the various UML views (business modeling, requirements or system use case modeling, analysis and design, and implementation), and continues with five more process workflows (test, − Implementation that takes into account the above UML Diagrams in order to develop software components and integrate them in an initial version of the software system.
Application
In this section, the four UML-based process workflows for the eMaM service are described in detail.
3.2.1Business Modelling
Business modeling concentrates on the business activities that will be generally supported by the system (referred to here as the eMaM service business), while the rest of UML focuses on the system that will be built. It concerns the identification of business actors (anyone or anything that is external to the business but interacts with it), business workers (roles within the business), and business use cases (a group of related workflows within the business that provide value to the business actors). A Business Use Case Diagram illustrates business use cases, business actors, and business workers for a business, as well as the interactions between them.
Activity Diagrams can also be used to model the workflow through a particular business use case.
The business actors that will take advantage of the eMaM service business (that is, a directory service that will facilitate finding e-markets), are the following:
− Consumer who is interested in finding consumer-oriented e-markets.
− Producer who is interested in finding producer-oriented e-markets or making available his own e-market through eMaM.
We note that when consumers and producers are interested in finding e-markets, they are considered as Customers of eMaM (Fig. 1) .
Furthermore, the business workers of eMaM are expected to be the following: − E-market researcher, who is an actor internally concerned with searching, locating, and describing e-markets for eMaM.
− Quality inspector, who is an actor internally concerned with reviewing and approving the publication and modification of services and content (such as description of an e-market) in eMaM. Fig. 1 presents the Business Use Case Diagram for eMaM. The workflow of each business use case has been furthermore analyzed using Activity Diagrams. For brevity reason, only the Activity Diagram for the 'View EM' business use case workflow is illustrated (Fig. 2) .
System Use Case Modelling
Use cases and actors define the scope of the system built [2] . Use cases include anything that is inside the system. Actors include anything that is external, interacting with the system. Reconsidering the eMaM business actors, we identified the following eMaM actors, from the system's perspective:
− Customer, a consumer or producer that uses the eMaM service to search for an appropriate emarket.
− Author, a producer describing his own e-market or the eMaM e-market researcher.
− Reviewer, the quality inspector responsible for approving the publication or modification of e-market descriptions in the repository of the eMaM service.
− System administrator, the quality inspector responsible for the proper functioning of the eMaM system and for the creation/approval of user registrations in eMaM.
The above actors are engaged in a number of eMaM system use cases: 9 − 'Make User Profile': concerns submitting a registration request to the eMaM service system so that a user profile is created.
− 'Approve User Profile': concerns checking and approving (or not) a user registration request.
− 'Login': concerns the logging in to the eMaM service process. It aims to allow only registered users to perform certain operations in the system. 
Analysis & Design
During the eMaM analysis, the interactions between the involved actors and the required eMaM sub-systems have been illustrated using Sequence Diagrams. is concerned with the physical deployment of the system, including issues such as the network layout and the location of components in the network. It illustrates all nodes of the system network, the connections between them, and the processes that will run on each one. Fig. 7 presents the Deployment Diagram of the eMaM service.
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Implementation
The implementation process workflow followed in the case of the eMaM service has lead to the initial version of the system. More specifically, following the results of the previous workflows, a first version of the eMaM service has been implemented and made available online (http://e-services.aua.gr/eMaM.htm). Fig. 8 presents a characteristic screenshots of the eMaM service prototype: the interface for modifying an e-market description.
Pilot Usage Results
Using the implemented first version of the eMaM service, a pilot usage phase provided its population with 120 examples of B2B, B2C and C2C e-markets from various business sectors.
These e-markets have been described and stored in the repository of eMaM. Having such a structured collection of e-market descriptions allowed for examining a number of questions about the collected e-markets, such as:
• When were the examined e-markets launched? The majority of the examined e-markets • What is the nature (direction of flow) of the examined e-markets? The majority of the examined e-markets support B2B activities (70.8%) but there is a high percentage (43.3%) that also supports B2C activities. There is a small percentage of e-markets that also have a C2C orientation (14.2%).
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• What is the intended audience of the e-markets? 42.5% of the examined e-markets are consumer-oriented ones, 44.2% producer-oriented ones, and 13.3% neutral.
• What transaction phases do these e-markets support? The majority of the examined emarkets (90%) support the information phase of the transaction process. A high percentage (51.7%) also supports the settlement phase, providing necessary facilities for completing the transaction online. A smaller percentage (19.2%) supports the negotiation phase, by providing the required services. Very few e-markets (4.2%) support the after-sales phase of the transaction process. Finally, there is a small percentage (1.7%) that supports all phases of a transaction process.
• What functions do the e-markets support? 72.5% of the examined e-markets offer product cataloguing services, 18.3% allow for public bidding, and only 5.8% allow for private (oneon-one) negotiations. Smaller percentages of the e-markets offer other types of transactionsupporting functions, such as financial arrangement services (5.8%) and delivery/logistics (3.3%). There is also a percentage of examined e-markets that offers business process functions, such as collaborative project management (16.7%) and supply chain management (7.5%).
• What access rights are associated with the examined e-markets? 45.8% of the examined emarkets are public (open), 43.3% are private (closed) ones, and 8.3% have some form of controlled access. For the rest 0.6% it was not possible to identify their access policy.
Conclusions
This paper introduces an Internet-based directory service for e-markets, termed eMaM service, which allows online users to search, locate and select appropriate e-markets. This service is based on DC-EM, a generic metadata model able to store the characteristics and properties of e-markets. Furthermore, this paper presents the development process of eMaM,
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Manouselis N., Costopoulou C., "Designing an Internet-based Directory Service for e-Markets", to appear in Information Services & Use, IOS Press, 2005. according to the UML-based RUP life cycle approach. In particular, eMaM business modeling, requirements, analysis and design, and implementation process workflows are studied and the corresponding UML diagrams are produced. The first version of the eMaM service is available online (http://e-services.aua.gr/eMaM.htm). Finally, the eMaM service is used to store 120 descriptions of existing e-markets that belong to various business sectors. It is illustrated that the structured collection of e-market descriptions that eMaM service offers, can be used to answer interesting questions about characteristics of these e-markets.
In future work, the development process of the eMaM service will be applied in other cases of online resources and services. More specifically, the deployment of an Internet-based directory service for the case of e-government resources and for the case of online educational resources will be examined. Fig.4 Manouselis N., Costopoulou C., "Designing an Internet-based Directory Service for e-Markets", to appear in 
